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(57) Abstract: Disclosed are an ozone generator and an ozone generating method for highly efficiently generating ozone at a high 
concentration wherein there is used a raw material gas mainly containing an oxygen gas to which no nitrogen is added, thereby 
producing no NOx by-product. Ozone is generated by supplying a raw material gas (25) mainly containing an oxygen gas which is 
free from nitrogen into an ozone generator (300), producing at least a discharge light having a wavelength of 428-620 nm by applying 
an alternating current voltage thereto, arranging a photocatalyst substance containing a photocatalyst substance (303) having a band 
gap of 2.0-2.9 eV on an electrode or dielectric body in a discharge area, and maintaining the gas pressure at 0.1-0.4 MPa. 
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m m m 

[0001] ^(D^Wfe. ^V^*^8**3J:W^*^r«fe, *JEE««*5j;uMaE 
[0002] t^&fl^&iv-cte, ?feo«t5t-#5|lfiE^sjgW$tfrv^ 0 

^*^^-f-5BlJ^^I&^> *3«fcrm£99. 99%J^_hcD^20^^(^ 

jt-vttMPtkM (mnib'Vj^tkm) mw#x&^s>tfxiz.m»£it 
tv>5o ^y>mm<Dwmi^T^m^^xn, mm^mx^^K &£.%mx— 

[0003] nfrffjcmxn, *^mm<Dmn#xx&zmmjfxkmmtfxt<Dm i '&m&* 

1:0. 0002(200ppm)^P?0. 0033(3300ppm) i^^.-r^t^^tlX^^ 0 * 
^P*£LT, ^fij^^l:0. 0002^f£5t£*vrv^ o ^^B^^^S^#T* 

h&&mmikw<D^m&i&<mz-z>tiibi^ m^-m^i-.o. oo33^t^^l 

-0^> 0 ^^m*p*^iooppm^T(oM^i^3|ef^-efett^\ ^yV^^20g/ 

m 3 (9333ppm) L;M#<b;fr-f % ^^^P^3300ppmB#(D^-yV^Sl20g/ / m 3 (5 
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6000ppm) KMVXlX6^T<D^>mmV^htl^^t^^nX^^ 0 £ 
m&mz.fe^-? 20g/m 3 (9333ppm) ©S^tfV^lftftU&^ktl/T > T/^V 

[ooo4] ^fc, 4#rF^3^^v vc\ *^&±mwia^ no m^mm^nrnm^m 

2 

[ooo5] ^/c, #rF^4^*3v ^> ft^yv^i 8o s /mtmbftz>*^mmx*te 

[0006] t^&flf^V^ M^^Si^o-C^-^^^^^-r^^^XA^. TIB(D 
BiJt^Xtkj&ZtiZbm :b*i/tv ^„ 

Rl; e + O =>2<D + e (@^<Dfi?H|) 

2 

R2; O + O +M=K) +M 

2 3 

R3; e + O =>0 + 0 +e («^-«^^?) 

3 2 

R4; O +^T=^0+0 

3 2 

R5; O +N =>0 +N1 (^^Ci^yVcT)^?) 

3 2 

[0007] *visi?*<DQxm^ RKDmm^^hmmWs^mmu R2<owtmm^-twtm 
[0008] 38^*d»&sjiD m&tty^tfxiz ±ma-R5(Ds.m^:<D^>^mx^ > 

W tti-fr 5^-^= (Rl * R2) - (R3 + R4 +R5 + • • • ) 
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2 

0* + N =»0 

3 2 3 

0*+TiO =XD 

3 2 3 

[0009] <&pFxm , <®wxffi2mftxmxn, *y^mm&m&#}m< ^mmmi 2o g / 
mmfDtf^h^m^ztmTFtsfox^^K ^nxm2xn, nammmm<Dm&, 

[0010] ^fFlfciifclTii, ^2j^i|6f^(^^p»^i0000ppm— lOOOOOppm^bTV^ 
^> #fP^C^2^(^-e{i, 200ppm— 3300ppm^&o-tV^ 0 

¥ff?$:ffi3<D^(DXte, 7mmnm<owm%k(Dmmi&Tmts:^x\,^ 0 
[oon] ^fc, #fF^iTii, me>mmAm-m7mm2mzMmm^mk(D^/^mm. 

tVX, mmxn, 'g•W¥0vol%B^F^-i/^^g^tt75g/m 3 L^4#fetI,TV^^V^7 :? - 

fit. m^^L-c*3«9, #m^wmts:*m$:m^x\,^ 0 

[0012] W_L<DJ;5^ ^m-e^^bfc^-y ? ^^^^^^^^^^»-t-§riT\ * 

Ty*&tb9* wnx&i, ¥?nxwt2t&nxwt3fc^^xmwimzmfribtc7!)K 
<wnx^it<wnxm3^^^xi-immmM^<, ^it^^^c^y?^ 
^ T^=t>, *±/>-^)mm<Dm\]xte®^fj:\,^b7!)mwvtc 0 
[0013] ^rF^cmifc^w^^^^vNTtt, ^^tih^y>m^\&rnm^^i& 
t^l-o^^ — Ri&T-tzt, yt(D^-y^mm^mh^^t^m^fix^^ 0 
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[0014] zto^mmwMam&v&o. i5%(i5oo P pm)^±sr»-rst, m^nmKx^ 
x^sisjfxsxmz.N o , n o©no m&#x&&xte&j&&tiz>o 

2 5 2 X 

N O +H 0=»2HNO 

2 5 2 3 

OH + NO +M=>HNO +M 

2 3 

[0015] ^,|H©NO m2iV0&2U&£tlZ>b.NO tfXf&ftbmWtfXtpK^tlZ 

x x 

3 

[0016] ^*aft^^-/ygf-eij:, ^ttSi"^-yV^S^^< > 200g/m 3 ^_hcDifi5it 

[0017] $e>t^ Sff^r^yv^is^b^^^^^gj^r^^/N^cD^y'^TK^ 
[0018] £fc, ^/v^©4j«a*Sr7y^*5fcftK:, m%e£fl>»*N 

2 

2 X 
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[ooi9] m^, mmm^>^mim\^tcM,^^fAmmm^xf±m^mmm^ 

[0020] Dgl] 







mm 


















■ mm.%tm 




b '< * >t- 


• &mmm 






- mw.um 
• se&-»s£ 
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• m&mmm 


* S > B 
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* / >- m e 



[0021] 024tt, «*©K»ft*y>'^*fflv^T?»il4ro<^b^fi«Jft*ififcftft1K(fiP 
*>CVD^gChemical Vapor Deposition) £fcfitALD?$li^3|?^tt(AtomicLayer 
Deposition) (D— 0!|£:^*t- o 

(*ALD^*^S^e % 601 tt^— if^fi, 602fc±l'— If If— A&^U-^X, 603(3: 
, 604ttbT— A^Atl/P, 607filf— AJftW, 605att^>-^ 
WAHP, 605btt#^5lt)A^P, 606 ffiR, 608^^111^—^ 
;U;610{«l^(^fft^x/Nf) N 612te££-£\ 611f26^ /Vt=J?J*. 

vvj*m<DM&m(Dmmm&m?—yiyhw. A3ooo^yv^#t^^^A, 6 

18(«^^«t?fe§ 0 fc*3, lOAtt^^tfiV^ 619mm 
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[0022] «*©CVD^**fct4ALD*«gR3»S6*-Ctt, «fc*^#^10*^ift*^ 
>-^X*£) 0 

[0023] #ttf>X*refi, X^^5IV>fc^-Y^^-603T% ^§15^^LfcU—1f^«601 

[0024] m'&(DXM\t, ^&'<—ftttm&tfx^ibZfttfxmz^>'<—ft&m& 

iMk^JRSr^rSftj&iMfc^JPWSftHi-t-SO. T~~/wxm) 0 ±SE<01. ±i 

sr^-rsxmtt, ±isoxew^^K— tf^xm^y^-^xm, 1^*1**1 



WO 2005/080263 7 PCT/JP2004/0 18647 

[0025] mmzmmvtcm&bisXte, mnmmvmmzmm-rz^T*^. ^mwm 

[0026] z-(D&.ot£ g m*mj&istc.m&*m^rz>tMmwkU M<Dm^m\^ 
^mm^-r^h^m^nx^ >s 0 
CD ^fr^m 

(2) jfejR&mt 

(3) mitw&mmm 

(5) m%mmmki,x(D&mvki£mim 

(6) ftm^VM*fflft^WfiLT<DiJg§| 
(7) 

[0027] d)(D^mwmnmtvx^ m^v^mmt^^o (z>(ommmmtvx^ 

»(C#n-CV>5ZrO , HfO ^Ln O <0S*Bfe6S&B&tvClV5 o (3)<£>gfcffc&£JR 

2 2 2 3 

ifBlirL-Cte, ^iC^^otRuO „ SrRuO ^fc^ o (4)<D^(fim^^ibT 

2 3 

«U ^ffSL^JBOPb (Zr Ti ) O ^(Ba Sr )TiO tf&% 0 (5)<Dffi&&fcm 

x 1-x 3 x 1-x 3 

mtVXn. Y Fe O #^&5 Q (6)©ft^*teLT©?*SU:l/C«U LiNbO 

3 5 12 3 

a)<Dmfcmmmti,xn, YBa cuo ^?>&M^mw&3o 

2 7 

[0028] CftkOftBStt, V^^IV^ III-Vj£<DS^«^fc5*&«©&«I&ft<|& 

<Dwmmmz&tfzi&Mi}&mz&<>xmbthZ>h<DX2b^x, ^tibn&mmitm 
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[oo29] ±u<D£?tmmm&mtt&mm<mmmznztc!b<D%&<DcvDmm&£ 

[0030] o , u) iz^^xommtvxfc, gi^wistc^its^i^^^i^ 
mm, &m^mm. *ft-z>mA-tz^tx\ mmm^mm^ inti© 

[0031] &&(DmMm*^>tfxzm^^tt^rf*<Dmmmmxi^ ^/^m^^h 

nhntcMM&^y^^, ^-6o° C/^b-ioo° c^^ufcv-y^y^^r 
[0032] ^^(D/^v^cD^s^fm^e^^^^fe-cv^^, m 

[0033] #f^^l:#^6-21010#^(^l-4M, HHH) 

#fF3Cj&2 : #fFlg2641 956-^$B (^1-4M, 312-30) 
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mffXm : #M ¥1 1-21 1 1 0-5§-£r*ft 
#fF^4 : 4#fF3?2587860-5§-£;$a 

[oo34] zvmwfe, ±m<D£?tmM^&-rz>tc$>\ztet5thfdb<Dx\ mmifxkv<te 

[0035] z.<Dmwte, ik¥&%ftf&&mwhv<feALnnimMmmm. *^nm 
x$>z> 0 

[0036] ^(Dmmi^ib^m^^y^m^BmRxfmm^ytv^^mn, mm 
mmt, ±mmi(Dmm^M^x^yy^i-^ikmmm^mm l i-^m2(Dmm 
t, Mmtfxzmmtfxb^xw&ttmwtfxw&^&t, ±.^mmmm<Dmmw- 

Xte±t&nmz.mbft, ^Y^yZf2. OeV~ 2. 9eVcDftM^SC£^/W-c$! 
^®i:^b, _hlEHlO«;®^_bfS^2^«®i:(D^^S^^^^«:ffi?:R] 

^MSt#*£#t|£U ^®tCj;«9_h|EM^Ki^>^<^428nm-620nm© 
±IE^f«^(D^J£^^0. IMPa-O. 4MPa^m^$-^-C, _bf2^^^f^^Jb 

[0037] *fc, ^(Dmm^frtt^mzmm*. wcmmm^-ry^mm^o. emm^ 
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[0038] £fc, ^<Dmmz&t>z>mmi'**^m£.mw.n, ^^mm^mnxnAL 

D (atomic layer deposition) M^MM^W^^.^\^tch(OX^>^> 0 

o 
o 

[oo39] zbiz., ±mmm^^mm^^^^x-h^^y^mmmm^^^x^ 

tfbtitcytMM^n^i/v^y^mi^. o e v— 3. eev^x-^m^^, mm 
(Dtkmyt *mm vx*v* ^tkf&BUfc&fem^zx? ttttot&s, 

[0040] ^(D^m<Dmm^^7>m^mmRxfmmu^y^m^mK^tiit, mm 

[0041] fc*3, t^^ij]DUiV^i^i#:wM^tUt, Mi£99. 99%£JLh 

2 

*^LT151xio 2 ppb(fiP*>15ppm)^*^SJ:5^> jKtt&h/jllMSr ^IAL, 

2 

[0042] £fc, r©^^^^/y584Stl4, Sfemffi^w^y^WPBSrO. 6mm£A 
^S5*t), '^K^s^. OeV-2. 9eV©3fcffl5^#J«WjB(iieSr{Eii$-«:Sjgmt 
[0043] £©3503 fc«fc>S**l^^-^V»^56fl|f4, ft^ttSctfB^gBXfiAL 
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[0044] ^<D^P^(vi#^^yV^^^«fi s ^yVM^£«M£fflbfccDT\ mm 

zw5itx%z> 0 

[0045] ^ z.(Dmm^^^/^^mmt. y<j^m&mm^mv±(Dx\ mm 

[oo46] ±timm^^mm^^^^xh^^y^mmmm^^^xi^ 
tfbtifcmk^wtm^F^yzfmm^. o e v— 3. 6ev^x»imfct?:*), mm 
ofcfe, ±mmm^^wm<D, ^ma^ ioppm-5ooppm(D^^^ 

[0047] mmcommi. 

xhz> 0 m3nmm<DnmiK^n^7^mm<m^^-r^mx^ 0 mitxn 
m<DBmi\^^mm^tytmmtizx^mm^(ommm^<Dmm^^ 
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[oo48] ^(Dmm<D^-y>m^.mmi^ 2oo g / m 3 ^±<Dmmm^y^^ ^m^mm 

Hll^^T, ^99. 99%J^±(7)^^(^^)^|&-r5AaM3lSf#fc^^l 

mzmm-r zmmmrngs (mfc) i9&^lt, j^tf^sas^^^soo^ 

[0049] &3b\ ^^<bbT, ^99. 99%^_h(D^m^fflV^T^, =R#lftm, 99. 9 
95%^m&^^%m V ^Tt , NflU 51 X 1 0 2 ppb (S|3ib 1 5ppm) -^£*L5cfc5 M 

2 2 

[0050] 02^*31 ^te, (Jl^^) ^W^-r^AW5fSf^mi00(c:APx. N ^99 
. 99%^±(D^^^*^V^«(D^^^^^5fc^cD^>#(DMlb 
JmW^^ef^*^l&-r?)BSJmW^^200^UTV>5 0 fc*3, 3«99. 99 

2 2 

[0051] BnBMW^200\tmn^.T;V^^-<20, ^ffi#21, WW#22-C«J3fe$ 
*U ^^^17^*fLTMSbJ^^^25b^500ppm— 50000ppm(D^IS N MJ£ 

ma*. iooooppmmmw^tc 0 mmpt^^^^m^mm-r^mmmm^i 
mfc) i9&£Tfffi®j%wtfxm*mm^%mmmm%s(MFc) 23^ut, joh** 

^>25^^y f ^^300^^$^ o 
[0052] ^/>-^^300^{2ma301a, 301b*3j;Wm®c7)^ff6]#J^^m#:302^ 

^tt^tLTV^ f|«ft:302*3j;U««^l301b<7)^ailJ&S(^m^^M®=S: 
S^^Oiffl)iai/^m5'7 0 2. 0eV-2. 9eV(D^:^^K2rM^?X(»# 

JM.mfX25tfW&£tl, *y^tfX26Km&L.XI±?)m^ (APC) 400^U^ 
§15600 \C Hi ti -T 3 <£5 (CTfeo T V V5„ 



WO 2005/080263 



13 



PCT/JP2004/018647 



[0053] &5v>te % m2x\ ^>m^moo\^mmfmm^hmm^^i7tBmwM 

^mbTff (APC) 400^b^600lCffi^-rSJ:5 ^&oTl ^ c T/l- 
[0054] ^y^^300(C^-yV^^$«/cfeO^-^«M500{i N ^tbT^V/^ 

3oooa®3oia, 3oibmcnnj±<D?£ffimi£*mn£^. mmm^mmi^^ 
[oo55] s^^PBi-cfc^o. imm<D^y?mM(DMmffimzmmj£&mm}£&mmmiz 

m^ikm^m^^r. ft^ft428~620nm(«;^;$mftW&m®^M 

^bfc^M^otea^-e, mm-^^in^mm^^mmm^-^mmu safe 

Qffl<DjfXj£t)%tifcO. IMPa— mo. 4MPa(A#:^(C{i N 0. IMPa-O. 4MPa) 

ytmmt<Dmmmx. mm^^mmw^mm-r^^ti^x, mmm^m 
mmtzmzm^-ttcma^ m^vtctftmm^mm^m^^^tfr^x 

[0056] ]£fc, M)t(iM©^?aS^||v ^m^tO^^^if ^J^^-^(D 

^?gi^iii-6o ^(Dtcfr*y>m±moofei&mz£<>xmm^znm*ftnv 
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[0057] mmmmx'ammmm^mx^^yx\^y^(.^y^mm)o. imm 

^2000W£-C£AU ^yVS§£^300{£aA^-5J!^;tf*25£bT, ^99. 9 

[0058] Bcm«^l2kWT% n?Mtf*10L/mmX*V*>'mmC&200g/m (93333ppm 

^(DtMaZ, ^^9f±J*3^yVi&^X(g/kWh) «TIBffi^±^^-Cfc 
X= (120g/h)/(2kW) = 60g/kWh 

ir-rtui, ^yv^^i^^yy-i&^xo {ii20g/kwhw±^^-e$>5 0 

[0059] -^Ofcfe *y*Z'2Lf$ l %)m v (mg/J) teTfEO £5 ^iflf^tK 
77 = (120g/kWh)/(60-60S)/1000 
= 0. 033 (mg/J) 
0. OSSmg/j^iO^-yy^^l^rj^^X'feSc 

z.<Dm%i^(Dmm<Dwmmm£vx, irv^^Mw^nrnM^^m^mm 
mmtfx\zmmtf*&mmvtc&&(D*>*^mmKte\,^xn, ?t>*>$Li$%hm n 

&0. 033-0. 035mg/jW±£)^#te, H20^UfcJ:9^m»^ y tefal 

[0060] ^ft^U HJfe^gldSSV ^ilf #*£?»U£V ^^SJ^W^O^.^ 

=ge^#y&LT, (il3^»iJ^^^ttillT^-r^y^^S#tt^#btLfc 0 r<7> 
^<^yV£j&3»«\ 0. 039mg/J^£^ ^^^CD^^l%^PUfc^(D 
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[0061] znm&tLx, mwtfxK^mtfx&mnzitt&^tctb. tkm^x<>xm\±¥st 

2 5 X X 

(HN0 3 ) ?7*?%te<-r^bfcX%, ^7^m R gB^^^r^w^JSSM^ 

[0062] ^tih(Dmmmmb, mm^(Dmm\^^it^Rmmub, mnK^mm^ 

[0063] r<D^0J^fcS^M^^Igi-*5ft^y'^^^^XA^oV^T, 04^*5 

ovvrMi-5 0 mmcmm^nm2i(DXo^ m^245nmsxr<D^xm 

^-<^h/W3feeSJlX^^WK^»ftl30— 200nm) ^oT^<9, 

xote, ^m^^±m^tcin.}±^±(Dm%j±^<DmpMcmxnm^yt245n 
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[0064] m4te, ^^**^w3t«y^Hfr«^»(/<>'K^y^tt)©iafr^©« 

m<DmmKytftkM&mm-rz>k, %m&<D^y^yy*<Dm*m± j mm'i.m4^ 

[oo65] m*timw)Vtcffim^x*tesEiL c*-;w mm£tiz> 0 mm^K&mvtcm* 

^m^tcm^m^xm^x^f^^m, fttemnztctb, ie7l^^«2oo-3 
oonsec^*v\ ^<DjE^mfe^zmmwm<Dmmbmmfr^*m^mzmm 

[0066] r (Dmmft*<D%m&K zzmm imt) s^^^tibo ttv , mm#x&M 

[0067] Mbl] 

0 2 + E, ^0- ( 3 P) +0" ( 1 D) -»0 ( 3 P) +0 (' D) — (1) 
0 2 +E 2 ^0-( 3 P)+0"( 3 D)->0( 3 P)+0( 3 D) —(2) 

[0068] ytmmmw(Dtfmz£^x^*^~m&'^hi-z. mm^bmm&bnm (m 

±m<D/<>F^y^*/^—tim2<D£y\Z.mteZ> 0 &<DSiO , Al O , TiO ( 

2 2 3 2 

T~f~$ — •£) , TiO (/VfTU). WO , Fe O , Cr O , Cu O, In O , Fe TiO , 

2 32323 2 2323 

PbO, V O , FeTiO , Bi O , Nb O , SrTiO , ZnO, BaTiO , CaTiO , SnO 

25 32323 3 3 3 2 

[0069] \M2] 
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&2 - (a) 





5£ 
(SiO,) 


7*5* 
(Al.O,) 


TiO, 

(7^-t*) 


TiO, 


m 

(W0J 




7.8eV 


7.0eV 


3.2 e V 


3.0e V 


2.8e V 




159n m 
( M & 


177n m 


388 nm 


413 nm 

(ira) 


443 n m 
(Ria) 


*2 - (b) 




BKbfi* 

(Pe.Oj) 


»*b*DA 
(Cr,0 3 ) 


Cu,0 


ln,0, 


Fe,TiOj 




2.2e V 


2.07e V 


2.2e V 


2.5e V 


<2.8e V 




564 n m 
(rT«) 


600 n m 


564 n m 
(WS) 


496 n m 

. 


443 n m 

(wa) 


3l2 - (c) 






PbO 


v,o, 


FeTiO, 




Nb,0 3 




2.8e V 


2.8e V 


2.8e V 


2.8e V 


3.0eV 




443 nm 
(rT«) 


443 n m 
(qr«) 


443 n m 
(IS) 


443 n m 

(mm 


413n m 
(IH) 


m.z - (d) 






SrTiO, 


ZnO 


BaTiOj 


CaTi0 3 


SnO, 




3.2e V 


<3.3e V 


3.3e V 


3.4e V 


3.6e V 




388 n m 


376 n m 
(*«0 


376 nm 


365 n m 


344 n m 



[0070] 3t2-(a) — ^2-(d) (C*5V^T, T/l^-fe^s^, ^tfV-^K^V;/^^. OeV 
[0071] /^^K=¥-Yy^3. OeV— 3. 6eV<Z>3tftblK"ett3t®llXS^I*^ 413nm— 34 

^(^«)«|g^^«^^^mx«^mir^v^^4ffi^m-e^(D 

m*3VvrW:, ^K^X/3. OeV-3. 6eW>#tejKtt, 3feJ&jg-?§\ JgjjgbfCw 
[0072] /<^K=¥-¥5/^2. OeV-2. 9eV03teMj&^f*3te«JR&^f*428nm~62 
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IS^til(tB) |C/^K^yr2. OeV-2. 9eVtf>3tete8l&i&ftji-5£:, 

[0073] fc*5, w^T% ^M^^^^K=¥^^^^=¥—{^^/^— =¥-r^E(eV) }b»& 
SU&ft^S X (nm) ^ 1 240/E (eV) 



3. 6 


344 






3. 4 


365 


3. 3 


376 


3. 2 


388 


3. 1 


400 


3. 0 


413 


2. 9 


428 


2. 8 


443 


2. 7 


459 


2. 6 


477 


2. 5 


496 


2. 4 


517 


2. 3 


539 


2. 2 


564 


2. 1 


590 


2. 0 


620 
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[0074] ±|5^/^=3r— ^y^E (eV) £®ifcfttf>$?g X (nm) tC*J~T5 % * 

-^5^ &«iMt^J:5ftttM<&SCtf>5*>, Cu O, In O , Fe TiO , Fe O , 

2 2 3 2 3 2 3 

Cr O , PbO, V O , FeTiO , WO , Bi O ©Vvf *L3&»lo£JL iJOWSLtt hj1£\><T> 

2 3 2 5 3 3 2 3 

[0075] ±iEO^M^b#J^3fcMM)Sm^^ Nb P O , W P O 

2m 4 6m+4 2m 4 6m+4 

Ta P O ,In PO , BaTi O „ MnTi O , TiO N F % SrTiO N F % 

2m 4 6m + 4 2m 4 4m + 4 49 6 13 abc abc 

BaTio n f x^^±m^m^^^twk(D^m^ht^%mmmm^^^ 

abc 

"Ob, 3fe®llRjR^$eStt300nm— 500nm©^(&«^)O5t!RJ!XdS^<, ^<D£? 
^3tteJS*t«^*3V^-Ot>, &3fctf:*&^P<*i*r&<-Ob, *^$LJ$,%}m 77 ^SiC 

teftMfeK© 1 * 1 ©, m, a, b, c(iM^7cm07n^»^i-^^Ofe6o 
[0076] ±|S<7)^«m<b^0^^m ) L<(»±m^M^^^^^^^M^ 
f€^, Ru, Ni, Pt, RuO , NiOx, NiO-efc5tb^t^5^®^K— 

2 

[0077] ±|B3teftMK©4feltW:, 3fA«fcJ;oT3teiajBbT, flfi*-7-«rtCiE?L /v) 

^m^^^iiufc^mj^^-^^^-T-ro^ttm^^^c^^^, o 2 \ o 2 ~)^ 

2 

[0078] El5{i^b7t^^^^^^^^<t^^^f^fflO^^^^$^5^^^XA 
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[0079] O + O+ M^O + M (3) 

2 3 

teR£0. 2MPa— B§0. 3MPaO$g|g-?&5c 

[0080] m6nmMmM(D^7^^m^m^mmm^^h^>^^(D^^ 
^iiK303^^^bfct#^;^oTv^^ 0 ^.(Dmxnmmmo2nmmm3oi^ 3 

3^^bfcft^(-^o-CV^ 0 2tfc<Dm^301a > 301b^<D^m^^(^^^) 

[0081] ^<Dj&mmmzmmtf^&zmmtfx25*w&u 75>>o2#:<£>m@3oia, 301 
bra ^is&^kV(D^^«ff ttmu-tzb, mmmm^m-m-^mmm^^ 
ttm&&i?;K^tk'myt&&-tz>o zn&v^mwftf&mmtttsftzb, % 
mmK m4T^Lfcj;9(-, mmtmz.m, %m^(Dmm^mz.iE^x^ 0 ^ 
(Dmm^m(Dytmmbmm^b(Dmmx\ tftmm^mm^^bm^m% * 

bmmft+b<D=fcffimx*y^&£.j&£tiz> 0 ^vtc^7^n^^mmmz. 
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[0082] ffe* Wc, ^-i/y|g4^©iftS (it®) \Zy<>V^y^2. OeV-2. 9eV<£> 

[0083] (l) y<^^y^7evnm(D0^K±^^WX\ Wmmmi&fo<Dfr&-F\f 

(2) ^>-K^5/^S3. 4eV<»SCT\ «B*!B«0tS:Trf ^tfttf«l)*f 

(3) SfcKl, /^>-K^2/^53. 4eV(«ftT\ ffiffiftftXlO). 005%J£*_L<D^ 

[oo84] £jl±©(d— (3)©^»*>e>, mmmmm.mmm. tm\^^x^/^t^m^ 

mtnmm^^x, mmmz-M^tctK mmm(Dmm-r^mw^^x±^<& 
[oo85] *z<ntzjh, mmmffim.m>'\^^<DmmmmwM&mmzM'<z>^ mmm 

[0086] SfeS^^O^JXjBE^SrO. lMpa£U:K:1-5^T% ft?lltbfc^iif JB§C^ 
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620nm®ISO3fe^S*<^^t^^«^:^^:?S^^iS^ , 9^ /^Y^yZfZ. OeV— 2. 9eV 

[0087] fc/c\ ^JfeUtSSflrCtt, ^rVXT'WO. lmmS^t*&5^, Hlfc&»b, ^V-X^" 

-To mWcW*. tkW£M&0. 6mm^TTii, aWflS^fifcT?*, f!p^0^j^T% 1 
[0088] ^wi^^ffi^^ftiio^-y'^^mfi, £*&^£&v^5&&£#tcL;fc]J!( 

[0089] Hlfe(D^t!fi2. 

[0090] m^m-m, ^Kmm#x<Di&nK&v^7>'*±mx*%z*z~xj±&7Fvtc 
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m "50 At m N £?£L< tttgc m mgS©t ©-CfcSo 

[0091] 08M*5i ^c, ^mm&±mzvtcmwtfx25ft*^>m£.^3oo 

[oo92] mm<Dwm2\z.$d^x, mit.mmwmmm^n^mmtikmytt(Dmmm 

So mio<D&m^ mm^ms<DmMz.M^x, yt^mm^mm-r^M^ 
mmsz&tbz> 0 o^>9 N mf&mms&mxvxmm-rzyf^mmimisX, mo 
%um&x<D*y?ismm(Dm*fc&&tbz>mmmms mio<nt$m^ 

o 

mio^m^xW'movtmm^^^y-^2. Qev^xycDm^m^xm 

> '*t/Y*c\y~72. OeV— 2. 9eV(D^mXi-im^m^<D^^m-t 0 #'l£902« 
>ttmM<D'W*?w73. 2eV&,T<Dm&<D!$^ #tt903teft^j$;c7V^K=¥-r 
y-73. 4eV^TcD^(D#'l4T^5o 
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[0093] miofrbfttt&Sfc. ^m#x&mnvt£^mm-tfxiz.&zmpnmiz.io^xi-z 
^o. i At m-5o n m(D%mmmw.<Dmjfc*m^^tL<Dx\ mm^mmmm^it 

[oo94] mm<Dmm3. 

xte,9cKmwvtcmMmmi\ztert%m}&te£Tfxmbmn^ 

frft^l m m~50 n m<DW\<h*m!&U ±fB[H]fi£^;&Uhff m#«@®^±fa 

ftftfj^* c&^M&^ttB&o. i n m-50 m m) %mifixn»ktti-itc.h<nx&z> 0 

[0095] wO^JicO?^^3-ef^ % fl«^302(Xfi«^30l)(D^ra;®^IH]i£b(-U Hflffh^ 

^^itfl^Mteitsn, ®m&<*y?>-fr£.j&£n. mmm<D*)/>>fr4E.i$.£ti 
z>o mmmm3xn}tffi<Dnm>fc<D^m{h*mf&u ytmm^n^m^-r^xo 
fcistztK mmnw302jmm , mm3oibh^i^-rfhi^ x^mmmcD^^ 

[0096] &s±<d£o^ i&mmm<Dm , mfoxte'mm<Dmm^ 1 n m-50 n m<Dw&*m 
j&u ±Mm&*mm^tdmm^%mmmw*mnz.<DX\ mm^msmm^ 

z> 0 ^(Dtc^mt^titcMm^ntmm^t(Dmm^^xmm^^mm 
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[0097] mmmmA. 

[0098] mi3fif|«^302(D$tK^:Jf:^0. 725mmCDT/^^-ir^^^^^bfc^'^(D 

jE?Li»*5H L as»mfr302Sr^UT!ft«j!|lib, ^^£j&£*vci ^irtfs^l 
[0099] CO^«#:^il^lJffibTp*^302rt^^M^*^m i 9^i6> 

tczmm<Dmmm%m±£ j £z>£o^x\, ^„ m&vtzyti&m&mttm&jE 
^Ltmm^^mmw^vxmmmmu ^y>^^ti^x^^tc 0 mi4n 

[oioo] mmmmAK-is^x^ nnmzmm, yttem&mtBitr\z. yt&mm-rzm 
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m^mmmzL-rtiifi. zvtknyt&mmis^-r^ ^mzt/tmm&mmxz, t&mt 

[0101] £*±<Z>«fc3te:, &«««OflSflc«r*fe«3fe*5aia-t-s«l«#:^b % 

[0102] •mmmms. 

SrAfllU l^^©f^fflSr#i-5tj©T?*>So 2^fc©«^301a, 301b£ff^0. 725m 
mO^75y^iS©MM«^302W^^+nm(^^^^®^^X}i^#tt^ 

[0103] m^O. 725mm<D±7^y?M<Dmni£302n,nnmmX&ftVt£300imi—10 

oonm<Dyt%mi3<D£oitz.mT®-rz>o ^mmvtz&myttytf&M303K£'oxy£ 

xy&mmzti. ^-y^±^tix^^^t^mmm^m^htitc 0 
[oio4] z<Dmm<Dmn5iz&\,^xtemM<Dteni-3izit^*>r>'£f&®& n 

#'t4(i50i)^i- o mm<Dmm5\zL^x^ ttcmmmm, ytmm&m^-r 
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[0105] ^JfeC5^H85tC*3V^tt % 9l«f*:302i:bTJ?$0. 725mm©-fe7^y^tR*Sfflb 

[0106] mM<Dwms. 

[0107] Hlte©^tii6-cfi % ^JfeO?f^l-5(0^-yV^^B(C*3V^-C, IHIf^Xtt-t 
[0108] ^Srg-^IS^Sc«lc:*3V^T, '^K^s^. 0eV~3. 6eV©3tte«tt, 3t 

^-ra 0 ^m^ur, mm<Dmmwmvtz.mmm;)&mn~rz>zkx\ tkmrnmcom 
mwx^mmKmfhtitc^mm<Dwm^h^^mmn^ 2. oev-3. 6ev 

&x%z> 0 

[0109] mM(Dten6<Dm&n, ^Y^yZf2. OeV-2. 9eV<DftMji»fC£^A,fcM 
&4fcW«rtefflLTM*Ll^ ^Kt^X-T, 2. OeV-3. 6eVcDftM&^ICf« 
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2"C^i% TiO (T-f?— if ) , TiO (/V^yU) , Nb O , SrTiO , ZnO, BaTiO , 

2 2 2 3 3 3 

CaTiO , SnO fcteJB PTt&t&So 

3 2 

[Olio] Sfcte, m6o^«86w»^n:*5v^, ftM^£;&ttft£o^tt^®«st;a-yV 

coin] */c, Mtmmi&<DMmw-xnmm<Dmm^ 1 ^ mcDnatfb^^u ± 
%)$kmxtbz> 0 

mmm^mmm^m^xi%-io%(D^mmmmmM^m^^th 
mmxfoZo 

[0112] ^fftC&fcoT, m^nMZ0l%l§i#X%Z)$-47X, ^V-^ftO. lmnu McMM 
^750cm 2 T\ mm>WZ02(Dltfm-rTjV%.1r (Al O ) £Lfc#C®i?/W£fflV\ ft 

2 3 

[0113] ®18fi. &.mWdm&&0. 01%^aLfc^-^1700A, 0. l%^DLfc#^-1700 

b, ^<t^i%»ufc^i7ooc^^mm^^^-r^y'^^#'i4^i-o * 
&m7oom-zi&mjj®mx&z>i&'m'm£i&mo. 25w/cm 2 #k#£^u ^ 
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SLM{-± N standardL/min(D^^T:\ 20° C(D£#CDL/m£;^-t- 0 ) 
[0114] IHl9{ii«MS^^^O^-2400A, ^ t tt) ? T/^V^2400C, =¥-fey^^24 

(Dmmm^xitty^mm, ^A^m^bti^mm^t^m^tc 0 z^x 
cons] mmmmm y b*^£j$mm t, t<Dmmtt^xmmw&&-&&td&^ m2 

t&U^v =0. 004310g(y )+0. 033[mg/J]£&6 0 

[oii6] ±.m<D~m<DB^h^mmitm^x^7^mz.mm-r^m^^ mmmt 

2 

te£v^tfxmm&(DmMcte\,^x^ ^>±^mn ^ssomg/jtv^:: 

tte. ^^-e^-yV^y^^XA^TlB^s^^Ri, R2Xmfrtix\,^tc& > mi£ 

[0117] Rl; e+O => 20+e (^H GQ$?g|) 

2 

R2; O+O +M => O +M 

2 3 

^o^a^ &*tem.m#xt*y^(Dmt>mc^^xm®Ktkfiu tib^ 
'*y>m*ki&x(Dmj&n-7o° c — 60° cufex&v,mMtf*\^&hz>jk 

#te3ppm- 10ppm#^-T6 o 
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[0118] •mmmmm^^x^^^^^^^^mm^(Dmm^t3oo- 

2 

#~XA N (2) NO ^J:S^y^^^^=XAT?*>5r^Srflim#feo ;*-yV£ 

2 

2 

[0119] (l);&«^£S^ft<^«7k^H O, ^3S^OS«M*=XA 

2 

N +e=>N*+e=*N +hv (310 316 337 358nm) 

2 2 2 ... 

2 

HO+e4H+OH + e (7ki£MO*Ht) 

2 

N +e=>2N" + e m&tttoWm 

2 

(2-D no <Dmfimit¥5L}&fc£tts>(D&f&*j}~?;j* 

2 

R6;NO +hv (295— 400nm)=WO + O CP) 

2 

R7; H + O + M =>HO +M 

2 2 

R8; HO +NO =X)H + NO 

2 2 

R2;0( 3 P)+0 +M =>0 +M 

2 3 

[0120] -mit^mNo tmm^m^Kx^soonmH^m^-ytxmmm^oCp)^ 

2 

2 

(R2<Z>SJ£0 o R6(^S^^mT*^Lfc— BM b**NOttR7KJS*?£ 

2 2 

2 

R7-»R8-»R60Rjc£:^^Srjft93gLI¥^$*l/5 0 
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[0121] t-it, mmnmm%mmi-mmmm^j&£*itcmmm^o( 3 p) tmm 

tt*t = i£ffi£: (R2) ■V^7>tfXtf$Lf&£tiZ> 0 
(2-2) NO ©ftM^KJ£(c£6^yV<D^/&^#~Xi> l 

2 

HI; NO +hv (295 — 400nm)=»NO * 

2 2 

H2; NO* + O =>20( 3 P) + NO 

2 2 2 

R2; 20( 3 P)+20 + M =>20 +M 

2 3 

[0122] -SMb£*NO T/P=f>'^O^ffi3t^^^©*fe«3tfciS300nm#jfi©^ 

2 

-HMbSBRNO iSiajBJRIKNO *l^(HlOS«= M£*WtNO * 

2 2 2 

2 

^$ttfc^J!g^O( 3 p)^^^o ^©=flc«^^«tt), ^yV^j&^S 

2 

2 

2 

[0123] JSW^3SS*S^arttlB«S:5ijfli-S^rlW©Ms — 8Hfc£3§NO teHl-> 

2 

H2-»H105RjE£:^^Sr»t)5gbS^*nSo 
(3) no K:J;*«Hit©^^*"^XA 

2 

R9;OH + NO +M4HNO +M 

2 3 

r^ftiiNO {»^V^^-f§i:^IB#M^HNO t>lR|l^^fifcStt(R9© 

2 3 

[0124] (4)tyy^?©^*=XA 

R3; e + O =K) + 0 +e («^«r3§##P) 

3 2 

R4; O +*&T=KD + 0 

3 2 

R5; O +N =»0 +N1 (^W-i^yVtf)^) 

3 2 

^{CioT^(R40SJ^)^<tt^7k^, NO x &<D*tm>mZL£*vX&M(R5<DR 
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[0125] ^(Dfcfe, K^frbWOmTtZX-S^tt:* *V*l/$LJ$m^ v mfu-tzw 
W>mi£&**Sism&= C^yV£j&*)-(^yV##f*) 

= (R2-R9) - (R3 +R4 + R5) 

R3Rj&teMpnn<D&Ant)fcttvxy~Tx»mi)n'rz>t>K R9, R4, r5(drj& 

[0126] J&ffl^5;TyV^£ii5&3fci6^R3, R4^^iJ-f 6#S^b-C, m$L&ft<Dlfr 

£<bKi, a* cwyy-fi^ifc-ete. ±fE<£3§£Lfc^yV£#fi?-r6S^R3, r 

frbmteZ>Z.bfrftJ)^X%tc 0 
[0127] o^i9 N ^^f§rt<D^«^r>^ft (^^^PS) ^m^y^t-r^t, &£Xf 

m^^~^^rt^tx\ ^/>&mfrm*mwife%kx\ *y*>mmft& 
[0128] mn^m^<D^m^}^^i^m^ ^yy'm^o.immt^^m.^y^mxi-i 

> ^A^«}1^»;£ (20° C) (C*j-LT, ^T^^^^lT, 
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[0129] &±<D0^m(D&im%£Miz$5\,^xn^ g.mjfxh\,<femmtfxfrb4ij&&tiz> 
no ^^y^m^^xm, (ytmmmm^m^^^mm.mmm(D^x 

2 

m^x, ^<D^m^m^h(Dxi-i^\ 0^19, ot&cDmAxn, #c®©m^* 

. yt(Dfc&b^*/^~K£^xmmyom*m&u ^(Dmrnvtc^mmmmco 
t>xmmft*<wmttm ^tzBcm mitsc^) xmmm^mm^tct^ 
x\ nm^x^xm^nx^^ #/^-^>-^Lfcm^^=3f— &>&mt~fz>^ 

[oi3o] m&mmi. 

m^^wmmh^ mmmxNo^mi\^n*^fo^y->t£*^ 
rnmjz. mm^ts:<x^^ yty^m^^^xf^-y>mm^>^h^'o. 9> 

[0131] *:<Dtc.tb s ^.(D^y^m^mm^. <k¥mntej&wmwh^<teALDnmmmm 

o 

m^^cvDmm^<texLDmmMM^mzb^>xte, mm^^y>^^-r^> 
^tx\ fcmit&m, ^m^, wimmmz.mmvx\,^i><Dtty>tfx& 
&(Dwm<Dmti¥&)mikm<Di8i£^^x, ^mmmw^m^mmtvx^v-=- 
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[0132] ifefc, ^mWf-^. ^^^/V^iT^e^^^M^^CIEtiT- 

xK-rz>^tx\ mmt&b. ^mtmmmmmm^x^w^^ 

[0133] itlWiil^W^Ji^^-CiWbS^***^*, 3»l£tf> 

[0134] H5fe0^^7Xf*, Bl24^-t-W— ifT^U— v-H^zUciSCVD^BXiSA 

[0135] %mr>wm. 

T, A300^^^^V-<10^^@?m^W#t|^^^^yV^^ige-C\ n 
M(Dmni<D*y?>'m£MW*7r;-to 401a, 401bte, Pi^frJ^/l^A, B, 402 
a, 402bte, ^V^^!R*^-C&5 0 403a, 403bte, **Sl/1J XJ$&tl&$:lfc1®t 
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5fcJ6©»P, 404a, 404bte, *^l/tfXW.m%*ft%l'F%tcib<D%iMm P 
X*tbZ> 0 405a, 405bte, ^/>^^mUmir^jvy\ 406fi, W^tMrn^. 
m^^tfXXhZ, 407a, 407bJ2. WLM^/^j3^^^ttzJb<Dj3^W& 
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